Performance of Flail Hammers
The following article discusses the strengths and weaknesses of flail hammer use in the demining field. The
author leans on his field experience with the Digger Foundation to analyze types and usage of these tools. In
doing so, he aims to give advice on the best methods for using flails to achieve the best results.
by Frédéric Guerne [ Digger Foundation ]

E

xamples from the field show that when
carrying out ground-preparation work
with demining machines, the parameters
that influence the users’ operational choices
can be based on ill-suited criteria. A number
of factors need to be considered before
employing flails in the field, some of which
are described here. This article does not
detail a full scientific study, but instead shares
some practical experience from the field. The
article provides information regarding the
strengths and limitations of different flailhammer designs, as well as advice on the best
way to use these tools. Our conclusions about
f lail hammers come from using the Digger
D-2 during demining operations in Sudan,
and from tests carried out by the Digger
Foundation to improve the performance of
the D-2 in Sudan.
The article also stresses the point that demonstrations of machines in short runs or lanes
cannot be expected to highlight all the key parameters involved, in particular the life span
of wearing parts such as hammers. These factors must be analyzed in detail through field
tests. Digger’s field experience can hopefully
provide insight and guidance for others to apply to their own contexts.

To the best of Digger staff knowledge, and
from what has been observed by staff in the
field, the most widely used hammer shape is
the mushroom-shaped hammer. This hammer
design provides good digging efficiency—the
sharper the cutting edge is, the more efficient
the hammer will be.
Using the Digger D-2 electronic loadsensing control,1 the efficiencies of different
hammer shapes and designs were compared
by simply measuring the time spent working

as soon as the sharpness reduces, the digging efficiency is lost and the hammer loses
its advantage.
Life Span
The Digger Foundation’s experience in Sudan
has greatly influenced the design of Digger hammers
with a 3-mm tungsten coating on the bottom surface.
During Digger operations in Sudan at first, the
traditional thick, mushroom-shaped hammers were
used. In the conditions we met, however, especially

Influence of the Hammer Shape on Digging Efficiency
Shape of hammer

Uncoated hammers after two hour’s flailing.

of two to three, compared to the non-tempered (150 HB) squareshaped hammers. In North Sudan, a lifetime of around 14–18 hours
was finally reached.

Efficiency [ratio referenced to sharp
“mushroom” shape]

Sharp “mushroom” head shape

1

Thick “mushroom” head shape

0.7

Square shape

0.55

Digging Efficiency
The remaining question was how to combine a long life span with a sufficient
cutting and digging efficiency. The answer was to develop a hammer with a new
shape—one with a sharper cutting edge than square hammers that could also
be used for a long time without needing to be replaced. These new hammers are
made of the same standard steel, square-shaped bar we used for the square hammers, but are cut at an angle and have the chain attachment off-center.

Table 1.
ALL GRAPHICS COURTESY OF THE AUTHOR

Almost new thick “mushroom” hammer.

Flail Hammers
Two of the most important parameters of
flail hammers, their shape and material composition, heavily influence the efficiency,
lifespan and price of hammers. Identifying
the best possible hammer, i.e., the design that
provides the best results depends on the projected use and leads to the necessity of finding
the best balance between these aspects.
Influence of the Hammer Shape on
Digging Efficiency
We define efficiency as the ability of a flail
hammer to penetrate soil under specific conditions to a given depth using the least possible flail power. The more efficient a hammer
is, the lower the fuel costs. These considerations assume that the desired digging depth
is the depth setting of the flail. It is not acceptable to improve efficiency simply by decreasing depth.

Sudanese soil after being flailed.

Sudanese soil before being flailed.

a lane of given length in a constant type of
soil with each flail. The results, reported in
Table 1 (above), show, for example, that when
using the square-shaped hammer, it took almost twice as long to process the same area
compared to using the sharp, mushroomshaped hammer.
On the other hand, Digger’s experience
also shows that the sharper a hammer head
is, the shorter life span it will have. Indeed,
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in North Sudan, such a shape proved not to be useful.
The wear generated by the specific soil conditions
existing in Sudan (compacted sand) reduced the
hammers’ lifetime to less than three hours for the
improved version with a 3-mm tungsten coating
and to half an hour for the standard versions (150 HB
steel).2 As previously mentioned, the main problem
with the “mushroom” hammer is that the tool is not
useful once the cutting part of the mushroom head
wears out.

The use of the costly tungsten coating (about 12 euro or US$173 for
the coating of one hammer when producing a minimum of 200 at one
time) provided the best compromise between hardness and shock resistance. Though this type of coating increased the lifetime by a factor of
four to six compared to the uncoated steel (150 HB), it was still not acceptable (i.e., less than three hours’ operating time before being worn
out). Six different tungsten coating systems were then tested, from thin
(0.1 mm) to thick coating (2–3 mm). This testing was done using ion projection and flame deposition.
One of the downsides of using a hard tungsten coating was the associated cost. Eventually, the cost/life span ratio was deemed uneconomical and Digger then moved to using square-shaped hammers, which
have a longer life span. With this hammer type, using 150 HB steel, the
advantage is that the hammers can wear more than 70 mm before having to be replaced.
This new solution and design increased the life span by a factor of
two in comparison to the expensive, tungsten-coated “mushroom” version. The hammers could now be used for six to seven hours. However,
researchers deemed a life span of six hours was still not sufficient and
sought other solutions to further increase the life span of the hammers.
The steel hammer (150 HB) was replaced by one that can be
tempered (about 380 HB). This process had the advantage of being
significantly less expensive than tungsten coating. With this improvement, the life span of the hammers was increased by a factor

Hammers with 2–3-mm-thick tungsten coating after two hour’s flailing.

The center of gravity of the hammer head will automatically be
positioned in line with the chains by the centrifugal force of the turning
flail, ensuring that the hammer position is at the desired angle when
hitting the ground and that its cutting edge is optimally placed. The
wear of the hammers, due to their position, is minimal while allowing
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Just War Theory and Explosive Remnants of War, Patterson [ from page 4 ]
1.

Summary Comparison Between Life Span and Digging Efficiency
Lifetime under extreme
wear conditions (North
Sudan) [flailing hours]

Average lifetime under
normal wear conditions
Remarks
(South Sudan) [flailing hours]

Square shape, tempered
hammers (380 HB) (hard)

14–18

60–80

Square shape, untempered
hammers (150 HB) (soft)

6–7

Hammer Type

Square special sharp
shape, tempered hammers
(380 HB)

2.
3.

4.

14–18

30–40

60–80

The cost is about 20% less
than the tempered version.
These hammers are especially recommended for
vegetation cutting.
Combines the life span of the
square hardened hammers
with nearly the digging efficiency of the sharp “mushroom” hammers

Clearing the Falkland-Malvinas Islands, Keeley [ from page 7 ]
1.

2.

3.

4.
5.

Table 2.

on commercial documents. It is important to
consider the life span of the consumables, and
not just their initial cost, to gauge all costs associated with machine operation. This aspect must
be thoroughly analyzed according to the factors
described above when considering where and
under which conditions the flail will be used.
See Endnotes, Page 115

6.
7.
8.

1.

2.

4.
5.
6.

for maximum cutting. These hammers are
also tempered to provide the same advantages
we had with the square-shaped ones.

7.

Cost Aspects
As indicated above, in order to reach a good
efficiency/life span ratio, technological solutions
(steel quality, tempering process, etc.) have to
be engaged, which can increase the price of the
hammers. According to Digger’s experience, it
is more effective to have high-quality hammers
with an appropriate design than to use low-cost
hammers that will be worn out in a few hours.
The latter option requires operators to stop
the machine frequently to replace damaged
hammers. Having to change hammers also
represents a logistical problem in terms of
transportation and storage of spare parts. Such
delays, in turn, further increase the overall
running cost. Trying to save money with lowquality hammers can turn out to be quite costly.
Flail Rotating Speed
Another important point with regard to
the hammer design is the rotating speed of
the flail. The faster a flail rotates, the greater

the wear of the hammers. Decreasing the rotating speed of the flail, however, can lead to
very dangerous results concerning the digging profile, leaving skip zones, or areas where
the hammers will not dig into the ground. It
is unsafe and counterproductive to reduce the
rotating speed of the flail to try to reduce the
wear. This will undoubtedly reduce the quality
of the work, and it is not recommended.
Conclusion
Flail-hammer choice represents a critical aspect of mechanical-demining operations with flails. The design and quality of
the hammers need to be considered carefully
since these factors will have cost and operational implications for the project as a whole
in the long run. Regarding the comparison between life span and digging efficiency, Table 2
(above) summarizes the characteristics of the
standard hammers Digger developed and corresponding lifetimes based on Digger’s operational experience in Sudan.
Some flail manufacturers offer low-cost
wearing parts, such as hammers to reduce the
total running cost of the machine advertised
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Editor’s Note: Some countries and mine-action organizations are urging the use of the term “mine
free,” while others are espousing the term “mine safe” or “impact free.” “Mine free” connotes a
condition where all landmines have been cleared, whereas the terms “mine safe” and “impact free” refer
to the condition in which landmines no longer pose a credible threat to a community or country.
Convention on the Prohibition of the Use, Stockpiling, Production and Transfer of Anti-personnel Mines and
on Their Destruction, Oslo, Norway. 18 September 1997. The document was opened for signature in
Ottawa, Canada, 3 December 1997, commonly known as the Ottawa Convention. http://www.icbl.
org/treaty/text/english. Accessed 12 March 2009.
“Article 5 of the Ottawa Convention requires that signatories identify all mined or mine-suspected
areas; ensure these areas are marked, monitored and protected so as to effectively exclude civilians; and
destroy or ensure destruction of all mines in these areas as soon as possible and no later than 10 years
after the Convention’s entry into force.” http://www.icbl.org/treaty/text/english#5. Accessed 4 March
2009.
“Clearance of Landmines in the Falkland Islands,” http://tinyurl.com/d93cc7. Accessed 3 February
2009.
“Falkland Islands/Malvinas,” Landmine Monitor Report, 2008. New York: International Campaign to
Ban Landmines. http://tinyurl.com/d8pgly. Accessed 23 February 2009.
Gillan, Audrey, “How Falkland Islanders Plan to Help the World by Keeping Their Landmines.” The
Guardian. 5 June 2005. http://tinyurl.com/aevdg4. Accessed 9 February 2009.
The highest law of the United States, the Constitution was designed to be flexible, adjustable to the
changing needs of a growing nation.
The leading guideline of the United Nations Framework Convention on Climate Change, created in
1992 at the United Nations Conference on Environment and Development, and officially adopted as
legislation in 1997.

International Support to Mine Action in Colombia, Downs [ from page 9 ]

3.

Square-shaped hammer.

Editor’s Note: Some organizations consider mines and ERW to be two separate entities, since they
are regulated by different legal documents (the former by the Ottawa Convention and Amended
Protocol II of the Convention on Certain Conventional Weapons, the latter by CCW Protocol V).
However, since mines are explosive devices that have similar effects to other ERW and it is often
impossible to separate the two during clearance operations, some in the community have adopted a
“working definition” (as opposed to a legal one) of ERW in which it is a blanket term that includes
mines, UXO, abandoned explosive ordnance and other explosive devices.
Johnson, James Turner. Morality and Contemporary Warfare. New Haven, Connecticut: Yale
University Press, 1999: 34.
DDR stands for disarmament, demobilization, and reintegration. Considered a successful strategy
for peacekeeping operations, disarmament refers to the physical removal of weapons from excombatants. Demobilization refers to the breaking up of armed groups, while reintegration entails
the reintroduction of former combatants to society without the threat of future armed conflict.
Patterson, Eric. Just War Thinking: Morality and Pragmatism in the Struggle Against Contemporary
Threats. Lanham, Maryland: Lexington Books, 2007. See chapter five.

See, for example, Human Rights Watch, The “Sixth” Division: Military-Paramilitary Ties and U.S. Policy
in Colombia. Sept. 2001. http://hrw.org/reports/2001/colombia/. Accessed 6 February 2009.
“Colombia.” Landmine Monitor Report 2008. New York: International Campaign to Ban Landmines.
http://tinyurl.com/cu875m. Accessed 9 February 2009.
Departments are subdivided portions of a country much like a state, province, or county. Set up by the
country’s government, they are sometimes overseen by semiautonomous governing bodies.
“Colombia.” Landmine Monitor Report 2004. New York: International Campaign to Ban Landmines.
http://www.icbl.org/lm/2004/colombia. Accessed 6 February 2009.
“Colombia.” Landmine Monitor Report 2007. New York: International Campaign to Ban Landmines.
http://tinyurl.com/3zsop7. Accessed 5 February 2009.
Convention on the Prohibition of the Use, Stockpiling, Production and Transfer of Anti-personnel
Mines and on Their Destruction, Oslo, Norway. 18 September 1997. The document was opened for
signature in Ottawa, Canada, 3 December 1997, commonly known as the Ottawa Convention.
http://www.icbl.org/treaty/text/english. Accessed 6 February 2009.
Since the publication of the report, a 35th group has signed the Deed of Commitment for Adherence
to a Total Ban on Anti-personnel Mines and for Cooperation in Mine Action. A full list of signatories is
available at http://tinyurl.com/5xux63. Accessed 1 December 2008.
While only governments can sign the Ottawa Convention, non-state actors can sign the Deed of
Commitment for Adherence to a Total Ban on Anti-personnel Mines and for Cooperation in Mine Action
through an organization called Geneva Call. Geneva Call engages NSAs to respect and adhere to
humanitarian norms, starting with the anti-personnel mine ban. http://www.genevacall.org/home.htm.
Accessed 6 February 2009.
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For an online copy of Landmine Monitor Report 2008, New York: International Campaign to Ban
Landmines http://www.icbl.org/lm/2008.
For more information about the video documentary, “Mined America,” http://tinyurl.com/b7rsrx.
Accessed 30 January 2009.
For more information about the book, Mined America, http://tinyurl.com/bt7kfz. Accessed 30
January 2009.
For more information about Mine Advisory Group, http://www.maginternational.org/.
“Celebrities Go Beyond.” No More Landmines. Accessed 30 January 2008. http://tinyurl.com/
btps8v. Accessed 30 January 2009.
For more information about the film, “No Man’s Land,” http://www.unitedartists.com/
nomansland/. Accessed 30 January 2009.
For more information about the film, “Beyond Borders,” http://www.imdb.com/title/tt0294357/.
Accessed 30 January 2009.
Editor’s Note: Some organizations consider mines and ERW to be two separate entities, since
they are regulated by different legal documents (the former by the Ottawa Convention and
Amended Protocol II of the Convention on Certain Conventional Weapons, the latter by CCW
Protocol V). However, since mines are explosive devices that have similar effects to other ERW
and it is often impossible to separate the two during clearance operations, some in the community
have adopted a “working definition” (as opposed to a legal one) of ERW in which it is a blanket
term that includes mines, UXO, abandoned explosive ordnance and other explosive devices.
“Colombia.” Landmine Monitor Report 2006. New York: International Campaign to Ban
Landmines. http://www.icbl.org/lm/2006/colombia.html.
“Colombia.” Landmine Monitor Report 2007. New York: International Campaign to Ban
Landmines. http://www.icbl.org/lm/2007/colombia.html.
“Colombia.” Landmine Monitor Report 2008. New York: International Campaign to Ban
Landmines http://www.icbl.org/lm/2008/colombia.html.
2008 Landmine Monitor Executive Summary: 61. http://tinyurl.com/dxkwq9.
“Nicaragua.” Landmine Monitor Report 2007. New York: International Campaign to Ban
Landmines. http://www.icbl.org/lm/2007/nicaragua.html.
For a copy of the article, go to: http://mediaquatro.sites.uol.com.br/minas-folha.html. This
English version of this article can be found at http://www.worldpress.org/Americas/2271.cfm.
To view this Rolling Stone article online, http://tinyurl.com/dgr3x9. Accessed 30 January 2009.
Unfortunately, this article is not available online. For more information about the O Globo
newspaper, http://oglobo.globo.com/.
For an online copy of this edition of Soho, http://tinyurl.com/b2qmu9. Accessed 30 January
2009.
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For more information concerning the International Campaign to Ban Landmines, http://www.icbl.org/.
Landmine Monitor Report 1999 http://www.icbl.org/lm/1999/.
Landmine Monitor Report 2000 http://www.icbl.org/lm/2000/.
“Colombia.” Landmine Monitor Report 2000. New York: International Campaign to Ban
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“Cambodia.” Landmine Monitor Report 2000. New York: International Campaign to Ban
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“Nicaragua.” Landmine Monitor Report 2000. New York: International Campaign to Ban
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Landmine Monitor Report 2001 available online at http://www.icbl.org/lm/2001/.
“El Salvador.” Landmine Monitor Report 2001. New York: International Campaign to Ban
Landmines. http://www.icbl.org/lm/2001/el_salvador.html.
“Nicaragua.” Landmine Monitor Report 2001. New York: International Campaign to Ban
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org/. Accessed 30 January 2009.
Landmine Monitor Report 2005 available at http://www.icbl.org/lm/2005/.
“Colombia.” Landmine Monitor Report 2005. New York: International Campaign to Ban
Landmines. http://www.icbl.org/lm/2005/colombia.html.
Landmine Monitor Report 2006 available at http://www.icbl.org/lm/2006/.
Landmine Monitor Report 2007 available at http://www.icbl.org/lm/2007/.
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org/treaty/text/english. Accessed 23 February 2009.
“Demining: Enhancing the Process.” MAJ Colin King. The Journal of Humanitarian Demining 2.2
(June 1998). Humanitarian Demining Information Center. James Madison University. http://tinyurl.
com/auhwpz. Accessed 30 January 2009.
“UNICEF in Latin America.” Mary Ruberry. The Journal of Mine Action 5.2 (August 2001). The
Mine Action Information Center. James Madison University. http://tinyurl.com/cgczjn. Accessed
30 January 2009.
“Colombia.” The Journal of Mine Action 5.2 (August 2001). Mine Action Information Center.
James Madison University. http://tinyurl.com/b53re8. Accessed 30 January 2009.
“Victim Assistance in Central America: A Regional Effort.” Juan Carlos Ruan. The Journal of Mine
Action 5.2 (August 2001). Mine Action Information Center. James Madison University. http://
tinyurl.com/brz7gl. Accessed 30 January 2009.
“Victim Assistance in Central America: IGOs, NGOs and Governments Team Up.” Suzanne
L. Fiederlein. The Journal of Mine Action 5.2 (August 2001). Mine Action Information Center.
James Madison University. http://maic.jmu.edu/journal/5.2/focus/NGO.htm. Accessed 30
January 2009.
“Helping Guatemala: Organization of American States, Unit for the Promotion of Democracy,
Mine Action Program in Central America (AIMCA).” Col. William McDonough and Carl
Case. The Journal of Mine Action 5.2 (August 2001). Mine Action Information Center. James
Madison University. http://tinyurl.com/c9enxa. Accessed 30 January 2009.
The Journal of Mine Action 8.2 (November 2004). Mine Action Information Center. James
Madison University. http://maic.jmu.edu/journal/8.2/. Accessed 30 January 2009.
“Colombia.” Landmine Monitor Report 2004. New York: International Campaign to Ban
Landmines. http://www.icbl.org/lm/2004/colombia.html.
“Colombia: Mine Action and Armed Conflict.” Eric Filippino. The Journal of Mine Action 8.2
(November 2004). Mine Action Information Center. James Madison University. http://maic.jmu.
edu/journal/8.2/focus/filipino.htm. Accessed 30 January 2009.
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Comprehensive Action Against AP Mines, Case [ from page 16 ]
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Convention on the Prohibition of the Use, Stockpiling, Production and Transfer of Anti-personnel Mines and
on Their Destruction, Oslo, Norway. 18 September 1997. The document was opened for signature in
Ottawa, Canada, 3 December 1997, commonly known as the Ottawa Convention. http://www.icbl.
org/treaty/text/english. Accessed 2 February 2009.
Editor’s Note: Some countries and mine-action organizations are urging the use of the term
“mine free,” while others are espousing the term “mine safe” or “impact free.” “Mine free”
connotes a condition where all landmines have been cleared, whereas the terms “mine safe” and
“impact free” refer to the condition in which landmines no longer pose a credible threat to a
community or country.
For more information on country successes, see article on page 80.
Departments are subdivided portions of a country much like a state, province, or county. Set up by the
country’s government, they are sometimes overseen by semiautonomous governing bodies.

OAS MA Program in Nicaragua, García and Chau [ from page 19 ]
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Convention on the Prohibition of the Use, Stockpiling, Production and Transfer of Anti-Personnel Mines and
on Their Destruction, Oslo, Norway. 18 Sept. 1997. http://tinyurl.com/y7w4um. Accessed 28 January
2009. The document was opened for signature in Ottawa, Canada, 3 Dec. 1997, and thus is commonly
known as the Ottawa Convention.
Departments are subdivided portions of a country much like a state, province, or county. Set up by the
country’s government, they are sometimes overseen by semiautonomous governing bodies.
OAS Mine Action Database. Managua.

Comprehensive Medical Assistance, Bustamante [ from page 22 ]
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Departments are subdivided portions of a country much like a state, province, or county. Set up by the
country’s government, they are sometimes overseen by semiautonomous governing bodies.
A thrombosis can occur when there is an injury to a blood vessel; there is an abnormal change
in blood flow; or there is a change in the coagulation ability of the blood. A thrombosis is
characterized as a blood clot in the heart or a blood vessel. Thrombosis. (2009). Encyclopædia
Britannica Online. http://tinyurl.com/cnrnb4. Accessed 2 February 2009.
An aneurysm is a potentially fatal condition in which the medial layer of a blood vessel is weakened or
destroyed, leading to the widening of the artery. Aneurysm. (2009). Encyclopædia Britannica Online.
http://tinyurl.com/cpdev5. Accessed 2 February 2009.
Possibly the result of injury, surgery, infection or inflammation, a fistula is an abnormal connection
between an organ, vessel, or intestine and another structure. How Stuff Works. http://tinyurl.com/
c76r8w. Accessed 23 February 2009.
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